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The role of GPI-anchored proteins in chondrogenesis and cell
polarity
Molly J. Ahrens, Andrew T. Dudley
Department of Biochemistry, Molecular Biology and Cell Biology,
Northwestern University, 2205 Tech Drive, Evanston,
IL 60208-3500, USA
Proteins that are localized to the cell surface via glycosylpho-
sphatidylinositol (GPI) linkages have been proposed to regulate cell
signaling and cell adhesion events involved in tissue patterning. Here
we demonstrate that during skeletal development GPI anchored
proteins play limited, focal roles in chondrogenesis. Conditional
deletion of Piga, an essential enzyme in the GPI biosynthetic pathway,
in the lateral plate mesoderm results in limbs that display chondro-
dysplasia. Analysis of mutant and mosaic Piga cartilage revealed two
independent cell autonomous defects. First, loss of Piga function
interferes with signal reception by cells and results in delayed chon-
drocyte maturation. Second, the proliferative chondrocytes, while
present, fail to ﬂatten and arrange into columns of clones as in
wildtype tissue. We present evidence that the abnormal organization
of mutant proliferative chondrocytes results from errors in cell
intercalation following cell division. Consistent with the known
relationship between cell polarity and cell intercalation, we addition-
ally show that GPI anchored proteins regulate cell polarity in other
tissues. Collectively, our data suggest that the distinct morphological
features of the proliferative chondrocytes result from regulated cell
polarity that is controlled independent of chondrocyte maturation.
doi:10.1016/j.ydbio.2008.05.058
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Organ size control in mice
Ben Z. Stanger
AFCRI and Department of Medicine, University of Pennsylvania,
Philadelphia, PA, USA
Vertebrate organs reproducibly achieve a size that is propor-
tionate to the entire body, but it is unclear how a target size is so
precisely and reproducibly achieved. One possibility is that tissues
have growth sensors that measure size and respond to deviations. To
determine how accurately growth is measured during development,
we developed techniques to perturb the number of progenitor cells
in the primordia of the mouse pancreas and liver. Surprisingly, the
two tissues differed in their ability to compensate for an early loss of
progenitor cells (the liver did, the pancreas did not). These results
suggest that embryonic tissues differ in their ability to sense size and
make corrections; the presence or absence of such a sensor might
underlie growth regulation during adult tissue regeneration.
doi:10.1016/j.ydbio.2008.05.059
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Hoxb5b acts downstream of retinoic acid signaling in the forelimb
ﬁeld to restrict heart ﬁeld potential in zebraﬁsh
Joshua S. Waxman a, Brian R. Keegan a, Richard W. Roberts b,
Kenneth D. Poss b, Deborah Yelon a
a Skirball Institute, NYU School of Medicine, New York, NY, USA
b Duke University Medical Center, Durham, NC, USA
Proper determination of organ size is critical for organ function.
In the vertebrate embryo, retinoic acid (RA) signaling is required for
the proper formation of many organs. We have recently found that
RA signaling plays an important role in restricting heart size in
zebraﬁsh. However, the mechanism through which RA acts to limit
cardiac cell number is not understood. Here, we demonstrate that RA
signaling acts within the forelimb (ﬁn) ﬁeld to indirectly limit the
size of the heart ﬁeld. When RA signaling is reduced, ﬁn progenitors
are lost and the numbers of atrial and ventricular cardiac progenitors
are increased, implying a link between the ﬁn and heart lineages.
Despite this inverse correlation, we ﬁnd that RA signaling functions
differently in ﬁn and heart: RA signaling is required cell-autono-
mously to promote ﬁn formation and non-autonomously to restrict
heart formation. These results suggest that the fates of ﬁn and
cardiac progenitors are not directly linked and that the role of RA
signaling in restricting cardiac cell number is indirect. Consistent
with this hypothesis, we show that RA signaling positively regulates
hoxb5b expression in the ﬁn ﬁeld and that hoxb5b is required to non-
autonomously restrict atrial cell number. Therefore, our results
indicate a novel mechanism by which communication between
organ ﬁelds limits organ size and provide a new perspective on the
possible causes of congenital syndromes affecting both the heart and
the forelimb.
doi:10.1016/j.ydbio.2008.05.060
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Finding closure: Visualizing the cell behaviors and uncovering the
genetics of neural tube closure
Lee A. Niswander
Department of Pediatrics, University of Colorado School of Medicine,
Aurora, CO, USA
Developmental Biology 319 (2008) 482–484
0012-1606/$ – see front matter
Contents lists available at ScienceDirect
Developmental Biology
j ourna l homepage: www.e lsev ie r.com/deve lopmenta lb io logy
The neural tube is the embryonic precursor of the central
nervous system (CNS), the brain and spinal cord. The CNS tissue
starts as a ﬂat “plate” which then rolls up to form the neural tube.
During neural closure, the neural cells are dividing, undergoing
complex patterning to form the appropriate neuronal precursors,
changing their shape, and interacting with new neighbors. Failure
to close the neural tube results in neural tube defects, like spina
biﬁda and exencephaly, the second most common human birth
defect. However, little is known of the genes that control neural
tube closure or how these genes work. To gain insight into this
complex morphogenetic process, we have used an unbiased
approach of forward genetic screening in mice to identify a
number of genes that are critically required for neural tube closure.
Our goal is to clone the genes which when mutated cause neural
tube defects and to determine the mechanisms by which they act
to regulate this critical embryonic process. To date we have cloned
12 new genes necessary for neural tube closure. This is leading to
novel insights into Hedgehog signaling, regulated proliferation,
interactions between head mesenchyme and neural tissue, and
neural fold fusion. As another approach, we are employing dynamic
imaging of neural tube closure to study the normal events and to
determine how cell behavior is disrupted in the various neural tube
mutants. Our third and long-term goal is to understand how
dietary supplements like folic acid help to prevent neural tube
defects and to identify new therapies to correct folate-resistant
neural tube defects.
doi:10.1016/j.ydbio.2008.05.061
Program/Abstract # 56
A hedgehog-dependent extra-cardiac lineage required for atrial
septation
Andrew D. Hoffmann, Michael A. Peterson, Ivan P. Moskowitz
Department of Pediatrics and Pathology, The University of Chicago,
Chicago, IL, USA
Atrial septation is a critical step in establishing separate
systemic and pulmonary circulations in tetrapods. Atriaseptal
defects are among the most common forms of human congenital
heart disease and current paradigms for atrial septation are
predicated on intracardiac events. We report that Hedgehog (Hh)
signaling induces cardiac progenitors in a novel extra-cardiac
lineage that generates the primary atrial septum in mice. Using a
genetic fate mapping strategy, we demonstrate formation of a Hh-
dependent lineage in the posterior splanchnic mesoderm adjacent
to pulmonary endoderm, a known source of Hh signaling, between
E8 and E10. No Hh activity is observed within the heart during this
period. Induced cardiac progenitors migrate through the dorsal
mesocardium to enter the atrial primordium between E10 and E12,
during cardiac septation, and generate myocardial, endocardial and
mesenchymal cells of the primary atrial septum and mesenchymal
cells of the atrioventricuar endocardial cushions. By temporal
abrogation of Hh signaling, we produce atrial and atrioventricular
septal defects, and demonstrate the absence of Hh-dependent
lineage cells in the mutant atria. These observations uncover a
novel extra-cardiac origin for progenitors of the primary atrial
septum. We describe a new paradigm for cardiac septation and
propose that evolutionary coupling of cardiac septation and
respiratory circulation is predicated on Hh signaling.
doi:10.1016/j.ydbio.2008.05.062
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The vertebrate segmentation clock: Converting time into
embryonic pattern
Olivier Pourquie
HHMI/Stowers Institute for Medical Research, Kansas City, MO, USA
The vertebrate body can be subdivided along the antero-
posterior (AP) axis into repeated structures called segments. This
periodic pattern is established during embryogenesis by the
somitogenesis process. Somites are generated in a rhythmic fashion
from the paraxial mesoderm and subsequently differentiate to give
rise to the vertebrae and skeletal muscles of the body. Somite
formation involves an oscillator–called the segmentation clock–
whose periodic signal is converted into the periodic array of somite
boundaries. This clock drives the dynamic expression of cyclic
genes in the presomitic mesoderm and requires Notch and Wnt
signaling. Microarray studies of the mouse presomitic mesoderm
transcriptome reveal that the segmentation clock drives the
periodic expression of a large network of cyclic genes involved in
cell signaling. In humans, mutations in the genes associated to the
function of this oscillator, such as Dll3 or Lunatic Fringe, result in
abnormal segmentation of the vertebral column such as those seen
in congenital scoliosis. Whereas the segmentation clock is thought
to set the pace of vertebrate segmentation, the translation of this
pulsation into the reiterated arrangement of segment boundaries
along the AP axis involves dynamic gradients of FGF and Wnt
signaling. The FGF signaling gradient is established based on an
unusual mechanism involving mRNA decay which provides an
efﬁcient means to couple the spatio-temporal activation of
segmentation to the posterior elongation of the embryo. Another
striking aspect of somite production is the strict bilateral symmetry
of the process. Retinoic acid was shown to control aspects of this
coordination by buffering destabilizing effects from the embryonic
left-right machinery. Therefore somite development provides an
outstanding paradigm to study patterning and differentiation in
vertebrate embryos.
doi:10.1016/j.ydbio.2008.05.063
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A role for kurly in left-right patterning, kidney cysts, and cilia
Jodi Schottenfeld, Rebecca D. Burdine
Department of Molecular Biology, Princeton University, NJ, USA
The zebraﬁsh mutant kurly was ﬁrst identiﬁed for its curly tail
down phenotype at 24 hours post fertilization (hpf) and pronephric
cysts that are visually apparent by 72 hpf. We have mapped kurly
to a novel protein of 290 amino acids with no recognizable
sequence motifs other than a predicted coiled-coil domain. We
currently have two alleles of kurly; a nonsense mutation that
encodes a truncated protein and a missense mutation that encodes
a protein with an amino acid substitution. Embryos harboring the
missense mutation can survive to adulthood because their tails
straighten by day 5. Kurly is well conserved among vertebrate and
invertebrate organisms, including humans, and has been shown to
localize to the basal bodies of the cilium in the green algae
Chlamydomonas. Thus not surprisingly, kurly mutants exhibit
phenotypes often linked to defects in cilia. kurly mutants display
a randomization of the visceral organs and altered expression of
asymmetric nodal genes, suggesting that kurly plays an important
early role in left-right axis formation. Since kurly is also highly
expressed at Kupffer's vesicle, it is likely acting from within the
vesicle to affect downstream Nodal events. Cilia in Kupffer's vesicle
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